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INTRODUCTION 36
The Norwegian passive margin was formed during a ~300 My period of extension and 37 rifting that followed Caledonian orogenesis. The extensional history of the continental shelf of 38 northern Norway and the Barents Sea is well understood through the study of seismic and well 39 data (e.g. Tsikalas et al., 2012; Hansen et al., 2012; Clark et al., 2013; Indrevaer et al. 2013 Indrevaer et al. , 2014 40 Koehl et al. 2017 ), but less is known about the onshore post-Caledonian history. Constraining the 41 timing of the brittle fault activity and exhumation in the coastal areas of northern Norway is 42 therefore essential for understanding the relationship between offshore and onshore tectonics and 43 the implications for the extensional tectonic history of the North Atlantic margin.occur in the cores of some of the zones; fault gouge was found in the fault zone in Sifjord 114 (Senja), 5 km along strike of the sample location S11/21 (Fig. 2) . Illite separated from this fault 115 gouge yielded a K-Ar maximum age of ~293 Ma (Davids et al., 2013) . The fault samples were 116 collected from the red-colored granite associated with the brittle fault zones. K-feldspar in all 117 brittle samples display extensive sub grain formation along grain boundaries, undulose extinction 118 and microfracturing (Fig. 3 ), indicating temperatures < ~400˚C (Passchier and Trouw, 2005) . K-119 feldspar is mostly clear microcline, but some grains contain domains of perthite. 120
4.
40 Ar/ 39 Ar RESULTS 121
Descriptions of the sample locations, analytical procedures, data tables, and age spectra 122 can be found in DR1, DR2 and DR3. Host rock samples gave complex spectra. Four samples 123 from the southern two islands (Kvaløya and Senja, Fig. 2 ) show apparent ages of ~280-300 Ma 124 in the initial 20-30% of the spectra which subsequently increase to ~350-500 Ma ( Fig. 4B and 125 Table 1 ). Two samples from the northern two islands (Vanna and Ringvassøya, Fig. 2 ) yield 126 apparent ages of ~350-370 Ma in the initial ca 40% of the gas release followed by an increase to 127 over 400 Ma (Fig. 4C and Table 1 ). Intermediate age maxima in samples EG and R3 indicate the 128 presence of excess Ar, based on the correlation between individual analysis old apparent ages 129 and high Cl/K ratios and the known link between Cl/K ratios and melt inclusions in K-feldspar 130 (Harrison et al., 1994) . In contrast, all 5 brittle samples show similar flat age spectra with the 131 majority of the apparent plateau and weighted average ages between ~ 240-280 Ma ( Fig. 4A and 132 (Coker et al., 1995; Dallmeyer and Andresen, 1992) during the main phase of 138 nappe emplacement, the Scandian event at ~430-400 Ma (e.g. Roberts, 2003) . In the WTBC, 139 however, the presence of Proterozoic 40 Ar/ 39 Ar hornblende ages (Dallmeyer, 1992) and pre-140
Caledonian 40 Ar/ 39 Ar muscovite ages (Davids et al., 2012) throughout the WTBC confirmed 141 field observations that the WTBC is only weakly affected by Caledonian deformation and 142 metamorphism (Dallmeyer, 1992; Corfu et al., 2003; Bergh et al., 2010) . Although three of the 143 host rock samples show signs of excess Ar (intermediate age maxima, EG and R3, or increasing 144
Cl/K ratios in the higher temperature steps, S10/40), three other host rock samples record 145 apparent ages of ≥350 Ma in the higher temperature steps without indication of excess Ar. These 146 new results suggest that the regional temperature in the WTBC was below ~400˚C by the end of 147 the Caledonian orogeny. 148
The region cooled to below the K-feldspar closure temperature by ~280 Ma as shown by 149 the apparent ages of ~280-370 Ma in the low temperature steps. The difference in initial ages of 150 ~280-320 Ma for host rock K-feldspar in the southwest and ~350-370 Ma in the northeast is 151 intriguing. It implies either that the host rock K-feldspar in the southwestern part are affected to 152 some extent by regional Permian fault events (Eide et al., 1997) , or that the northeastern part 153 cooled earlier than the southwestern part. The latter would imply either a vertical offset, possibly 154 due to Permian faulting, or tilting with the northeastern part subsiding relative to the 155 southwestern part of the WTBC. 156
TIMING OF BRITTLE DEFORMATION 157
The flat 40 Ar/ 39 Ar age spectra from the fault samples ( Fig. 4A ) indicate that these samples 158 experienced resetting due to a thermal disturbance at ~250 Ma. The lack of a step-wise increase 159 in apparent ages in the low temperature steps of the age spectra suggests that this thermal event 160 took place while the regional temperature was already below the Ar closure temperature for K-161 feldspar at ~200˚C. The latter is supported by the age spectra of the host rock samples from the 162 southwestern part of the WTBC, which show initial apparent ages between ~300 and ~280 Ma 163 (EG, S09/18 and S11/20) (Fig. 4B) . The K-feldspar grains in the fault zone samples show 164 varying amounts of recrystallization and microfracturing (Fig. 3) . The precipitation of epidote 165 and hematite on fracture surfaces, which locally display slickenslides, and the red coloration of 166 granitic rocks indicate the infiltration of fluid simultaneous with brittle deformation. It is, 167 therefore, likely that a combination of brittle deformation and associated fluid infiltration caused 168 the resetting of the Ar isotopic system in the brittle K-feldspar between ~265 and ~244 Ma. This 169 is ~20-40 My younger than previous estimates of the timing of brittle faulting in the WTBC, but 170 similar to brittle faults identified further south in Norway (e.g. Eide et al., 1997) . K-Ar dating of 171 2 fault gouges from major faults in the WTBC gave maximum ages of ~ 293-284 Ma for the 172 formation of illite in the fault gouge (Davids et al., 2013) , while paleomagnetic dating of brittle 173 fault rocks in the WTBC has previously demonstrated two periods of brittle faulting, an early 174
Permian phase overprinted by a Paleogene-recent phase (Olesen et al., 1997) . The initial 175 apparent ages of the host rock samples, ~300-280 Ma (Fig. 4B ), correspond well with these 176 published ages from fault gouges and paleomagnetic dating. The younger 40 Ar/ 39 Ar ages for the 177 brittle K-feldspar samples could be explained by two different scenarios: 1. The brittle K-178 feldspar ages can be interpreted to indicate a second phase of faulting associated with hot fluidbrittle faulting and hot fluid infiltration, reduced the diffusion length sufficiently to result in 181 further Ar loss in the fault samples after the faulting event compared to the host rock samples. In 182 the latter case, one would expect to see a diffusion profile with increasing apparent ages in the 183 low temperature steps of the age spectra. However, as the age spectra are flat, we prefer to 184 interpret the data to be the result of two separate periods of fault activity: early localized faulting 185 in the Early Permian (~300-280 My), resulting in a small number of major faults as documented 186 regionally (Eide et al., 1997; Blaich et al., 2017) , followed by more widespread fracturing and 187 reactivation, particularly in the southwestern part of the WTBC, associated with hot fluid 188 infiltration in the Late Permian-Triassic (~265-244 My). 189
TECTONIC IMPLICATIONS 190
The dated faulting in the WTBC was part of a widespread Late Permian -Early Triassic 191 rifting event, which has been recognized throughout the North Atlantic and Arctic regions. In the 192 SW Barents Sea, rifting started in the Early-Mid Carboniferous (Koehl et al. 2017 ) and was 193 followed by Mid to Late Triassic post-rift thermal subsidence and an influx of coastal and 194 alluvial sediments that were probably derived from the Fennoscandian Shield (e.g. Clark et al., 195 2013; Gudlaugsson et al., 1998; Smelror et al., 2009; Torgersen et al., 2014) . At the same time, 196
Late Permian -Early Triassic fault activity in the WTBC was followed by cooling to ~60˚C in 197 the Early to Mid Triassic (Davids et al., 2013) . Since faulting and associated hot fluid infiltration 198 took place when the temperature in the WTBC block was below the K-feldspar closure 199 temperature, we can estimate that faulting was associated with ~4-5 km of uplift and subsequent 200 exhumation to a depth of ~2-3 km (assuming a regional geotherm of ~25-30˚C/km; e.g. 201 Hendriks, 2003) . The same Early to Mid Triassic cooling was also reported from the region east 202 of the WTBC, indicating that the whole area exhumed at the same time without significant offset 203 along the VVFC (Fig. 1 ) that forms the eastern boundary of the WTBC. This suggests that the 204 main movement may have taken place along the western boundary of the WTBC, the TFFC (Fig.  205   1) . The ~4-5 km of erosion that must have taken place in these onshore areas is likely to have 206 contributed to the thick Triassic deposits in the Barents Sea. There is to date no indication that 207 subsequent rifting events in the Jurassic-Cenozoic, which have been recognized both offshore 208 and in the Vesterålen-Lofoten region to the southwest, have significantly affected the WTBC. 209
CONCLUSION 210
Fluid infiltration is often associated with normal faulting (Sibson, 2000 The rock samples were crushed, washed and sieved. Mineral concentrates of 17 K-feldspar were obtained using standard mineral separation procedures, including 18 heavy liquid and magnetic separation. In addition, aliquots of K-feldspar separates 19 derived from the heavy liquid separation were analyzed at the University of Alaska 20
Fairbanks using a Niton xl3t hand held X-ray fluorometer (XRF) to confirm mineral 21 identification and purity. The monitor mineral MMhb-1 (Samson and Alexander, 22
1987) with an age of 523.1 Ma (Renne et al., 1998) was used to monitor neutron flux 23 and calculate the irradiation parameter J. The samples and standards were wrapped inaluminum foil and loaded into aluminum cans of 2.5 cm diameter and 6 cm height. 25
The samples were irradiated in position 5c of the uranium enriched research reactor of 26
McMaster University in Hamilton, Ontario, Canada for 10 megawatt-hours. Upon 27 their return from the reactor, single K-feldspar grains of the samples and monitors 28 were loaded into 2 mm diameter holes in a copper tray that was then loaded in a ultra-29 high vacuum extraction line. The monitors were fused and samples step-wise heated, 30 using a 6-watt argon-ion laser following the technique described in York et al. (1981) , 31
Layer (2000) and Benowitz et al. (2014) . Argon purification was achieved using a 32 liquid nitrogen cold trap and a SAES Zr-Al getter at 400˚C. The samples were 33 analyzed in a VG-3600 mass spectrometer at the Geophysical Institute, University of 34 Alaska Fairbanks. The argon isotopes measured were corrected for system blank and 35 mass discrimination, as well as calcium, potassium and chlorine interference reactions 36 following procedures outlined in McDougall and Harrison (1999 For this study, we preferred to use a modified MDD concept approach by 63 analyzing the samples with a more time efficient laser step-heating approach 64 (Benowitz et al., 2011 (Benowitz et al., , 2012 Löbens et al., 2017) . We examine the resulting age 65 spectra using the MDD approach to determine thermal histories as done by others 66 (Copeland and Harrison, 1990; Ridgway et al., 2007; Benowitz et al., 2014; Riccio et 67 al., 2014 
